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1.0 introduction

1.1 Background

Restoration® of contamnated ground watars is one of
the pnmary objectives of both the Superfund and
RCRA Corrective Action programs. Ground-water
contamination problems are pervasive in both pro-
grams; over 83 percent of Superfund National Priori-
ties List (NPL) sites and a substantial portion of
RCRA faviliues have some degree of ground-water
comtaminaion. The Superfund and RCRA Correclive
Actian programs share the common purposes of pro-
tecting human health and the environment from cosa-
taminated ground waters and restoring those waiers
o 4 quality consistent with their current, or reason.
ably expecied future, uses.

The Natonal Contingency Plan (NCP), which pro-
vides the regulatory framework for the Superfund
program, states that:

“EPA expects 10 returm usable ground waters to
their beneficial uses wherever practicable,
within a imeframe that is reasonable given the
particular circumstances of the sie”

(NCP §300.4300a)( 13D,

Generally, restoradon cleanup levels in the Superfund
program are established by applicable or relevant and
appropride reguircments (ARARS), such as the use of
Federal or State standards for drinking water quadity.
Cleanup levels protective of human health and the en-
vironment are idenified by EPA where no ARARs for
particular contaminanis exist (see Section 4.1,1%

The RCRA Carrective Action program for roleases
from solid waste management facilitics (see 40 CFR
2641015 vequires a ficility ownerfoperator o

LANSUIBIE corrective CLiOn 48 Necessary o pro-
tect human health and the environment for all

1 Forthis guidance, “restoration’' refers to the reduction of contaminant concentrations to evels required under e Superfun

releases of harardous wasie or conslituents from
any solid wasie managemeant pnit.,.”

The goal of protectiveness is funher clarilied in the
Preamble 1o the Propoved Subpart 8 1o 40 CFR 264

“Potentially drinkable ground water would be
cleaned up to levels safe {or dnnking throughout
the contaminaled plume, regardless ol whether the
water was i fact being consumed... Allemative
levels prorective of the environment and safe for
other uses could be established for ground water
that is not an actoal or reasonably cxpected soures
of drinking water.”™

While both programs have had a great deal of success
reducing the immediate threats posed by contami-
nated ground waters, experience over the past decade
has shown that restoration 1o drinking water quality
{or more stringent levels where required) oy nat al-
ways be achievabie due w the limitations of available
remediation technelogics (EPA 1989, 1992d). EPA,
therefore, must evaluale whether ground-water resto-
ration at Superfund and RCRA ground-water cleanup
sites is attainable from an engineering perspective,
This document outlines EPA’s approach to evalu-
aling the technical impracticability of attaining re-
guired ground-water cleanup levels and establish-
ing alternative, protective remedial stratepies
where restoration is determined fo be technically
impracticable,

Many faciers can inbibil ground-waler restaration,
These factors may be grouped under thres general
Calegories:

+ Hydrogeologic [actors;
« Conaminant-related factors; and
» Remediation sysem design inadequacics.

Hydrogeologic imitations w aquiter remediation in-
clude conditions such as complex sedimeatary depos-

it aguifers of very low permeability, centain 1ypes of

*idl

nr RCRA Comective Action programs. For ground weter currently or potentially used for drinking water purposes, these Jev.
eis may be Maximum Contaminant Levels (MCLs) or non-zere Maximum Contaminane Levels Goals (MCLGs) esiablished
vnder te Safe Drinking Water Act; Suge MULS or ether cleanup requirements; or risk-bused levels lor compounds not cov-
eved by specific Siate or Federal MCLs or MCLGs. Other eleanup levels may be approprate foe ground waters csed for non-

drinking water purposes.

2 Authis time, this guidance is aot spplicable (o corrective actions for releases rom Subpart F regulated units that are subject 1o

currective actans uncler 40 OFR 264.91-364.100,

3 “Cerrestive Action fos Selid Waste Management Units (SWMUs) ut Hazardous Waste Management Facilities,” 55 ER 30798-
ANER4, July 27,1990, Proposed Rules, is carrenlly vsed as guidance inthe RCRA Corrective Action program, When final
regulalions under Subpart § are promulgated, cenain aspects of this guidance periaining w the RCRA program may need to be

revised W reflect new repulalory requireTnents.



fractured bedrock; and mber conditions that presently
make extraction or {n s reatment of comaminaaed
ground water extremely difficult (Figure 13,

Comtaminani-redated bactors, while not independent
of hvdrogeologic constraints, are more directly re-
lated @ contaminant properties tiat may limit the
success af an extraction of i sitd weatment Process.
These propertes include & conuaiminant’s potentisl
become cither sorbed ontw, or lodged within, the soil
or rock comprising the aguifer. Nonagueous phase
liguids (NAPLsY arc cxamples of contaminants that
may pose such technical limitations to aquifer resto-
ration effors. NAPLs that are denser than water
{DNAPLS) often are partcularly difticalt wo locate
and remave (rom the subsurface; their ability w sink
through the water table and penetrale deeper portions
of aguifers is one of the properues thag makes them
very difficult to remediate (Figure 1),

The widespread use of DNAPLs in manufaciuring
and many other sectors of the cconomy prior w the
advent of safe wasie-management praciices has led to
their similarly widespread ococurrence at ground-wa-
ler conlaminalion sites. Most of the sites where EPA
already has determined that ground-water restoration
iy lechnically impractivable have DNAPLs present.
The petendal impact of DNAPL contamination on at-
winment of remedialion goals is so significant that
EPA i developing specilic recommendations for
DINAPL site management; the key elements of this
strategy are presented in Secton 3.0 below,

The third Tactor that may 1imic ground-water restoration
iz inadeguate remediadon system design and imple-
menlavon. Examples of design Inadequacies in a
groungd-waler extraction system include an insufficient
aumber of extraction points (e.g., ground water ar vi-
por extmuction wells) or wells whose locations,
screened intervals, or pumping raies lewd w an ingbility
1o caplure Lthe plume, Design inadequacies may resull
from incomplete site characlenyation, such as inaceu-
rate measuremend of hydraulic conductivity of the af-
Cected aquifer or not considenng the presence of NAPL
contamination. Poor remediation system operation,
such as excessive downtime or failure to modily or
cnfiance the system to improve performance, also
may hmit the effecuveness ol restoration efforts,
Failure to achieve desired cleanup standards re-
sulting (rom inadequate system design or opera-
tion is not considered by EPA to be a sufficient
justification for a determination of technjcal im-
practicability of ground-waler cleanup.

1.2 Purpose of the Guidance

This guidance clarifics how EPA will determine
whether ground-water restoration is techoicully im-
practicable and what allemative measures or actons
must be undertaken o cosere that the final remedy s
protective of human health and the envirooment,
Topics covered include the types of technical data
and analyses needed 10 support EPA’s evaluation of 4
particular site and the criseria used o make 8 detsrmi-
nalion, Astechnical impracticabality (TT) decisions sre
part of the process of sile investigalion, remedy selec-
ton, remedial setion, and evaluation of remedy perfor-
mance, the guidance also briefly discusses the overall
frarnework for decision making during these phuses of
siie cleanup.

This guidance does not signal a scaling back of
EPA’s efforts to restore contaminated ground wa-
ters at Superfund sites and RCRA facilities,
Rather, EPA s prometing the carefu] and realistic as-
sessment of the technical capabilitics @ hand 10 man-
age risks posed by ground-wauter contamination. This
guidance provides consistent gutdelines for evaluat-
ing technical impracticability and for mainwining
protecuivensss al sites where ground waler cannot be
restored within a reasonahle tmeframe, EPA will
conlinge to conduct, fund, and encourage research
and development in the flelids of subsurface assess.
ment, rerediution, and pollution prevention so that
an ever decreasing number of sites will require the
analvsis described tn this document,

2.0 Ground-Water Remedy
Decision Framework

2.1 Use of the Phased Approach

AL sies with very complex ground-water conlamina-
tion problems, 18 may be difficult 1o determine
whether required cleanup levels are achicvable 31 the
time a remedy selection decision must be made. This
is espevially true when such decisions must be based
on site data collected prior w implemeatation and
monitoring of pilot or full-scale remediation systems.
EPA recognizes this limnitation and has secommended
several approaches 1o reduce uncertaaty during the
sie charactenizaion, remedy selecuon, angd remedy
implementation processes (EPA 1988, 1992a),

Determining the restoration potential of g sile may be
aided by employing a phased approach 1o site char-
acterizaton and remediation. Each phase of site




Figure 1. Examples of Factors Affecting Ground-Water Restoration
Certain site characierisues may limit the effectiveness of subsurface remediation. The examples lisied below are
highly generlized. The particular facior or combination of factors that may cntically limit restoration potential
will be site specific.
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characterteation should be designed o provide infor-
madan necessary for the nexi phase of characierizi-
tion. Likewise, site remediation activities can be con-
ducted in phases to achieve nlerim goals at the oul-
set, while developing a more accurate ynderstanding
of the resiorauon potential of the contaminated aqui-
fer. Anexample of how this approach mighl be ap-
plied 4t a site is provided below in Saction 4.4.3.

The timing of phased cleanup actions (early, interim,
final} should reflect the relative urgency of the action
and the degree to which the sie hay been character-
izad. Early actions should focus on reducing the risk
posed by site conlaminaton {e.g., removal of con-
tamination sources) snd may be k.arm,d out befare de-
tailed siw characterization studics have begn come-
pleted. Inerim remedial actions may abate the
spread of contamination or limit exposure but do nol
fully address ihe final cleanup tevels for the site, In-
terim actions generally will require a greater degres
of site characierization than early aclions, Howewver,
implementation of inwrm actions stll may be appro-
priate prior o completion of site charactertzation
studies, such as the Remedial Investigation/Feasibil-
ity Study (REFS) ar RCRA Facility Investigation
{RFD and Correcuve Measyres Study (TMS), F'mul
remedial actions must address the cleamep levely and
other remediation requirements for the site and, there-
fora, nust be basced on compietad characterizalion re-
ports, Informaton from carly and interim aclions
also should be Tctored into these reports and final
remedy decisions,

Phusing of acuvitics generally shouid not delay or
prolong sile charsclerization or remediation. In Gact,
such an approach may zeeelerate the implemeniation
of interim risk reduction actions and lead more
quickly 10 the development of achievable {inal reme-
diation levels and strategies. A phased approach
should be considered when there iy uncertainty re-
garding the ultimate restoration potential of the site
but also a need tw guickly contol risk of exposure o,
or limit further migradion of, the contamination.

[Lis crivical that the performance of phased remedial
actions (¢.g., contred of plume migration) be monitored
carafully as part of the ongoing effort w characterize
the sile and assess its restoration potental. Data collee-
tion activites durmg such actions not only should be
designed e evaluaie perlermance with respect to the

avtion's specific objectives but also coninbuta o the
overall understanding of the site. In this manoner,
acuons implemented early in the site remedimion
process can achieve significant risk reduction and
lead o development of technically sound, final rem-
edy decisions.

2.2 Documenting Ground-Water Remedy
Decisions Under CERCLA

The phased approsch to site characterization and
remediauon can be employed using the existing deci-
sion document optiony within the Superfund program,

2.2.1 Kemoval Actions
Removal authority can be used for carly actions as
part of 4 phased spproach (o ground-water cleanup
and decision making and chould be conswdered
where carly response o ground-watar CONLAMmMINaLan
1% udvantageous or necessary.  Within the conext of
ground-water actions, removals are 4ppropriate
where contaminalion poses an actual or potenual
threat o drinking waier supplics or threglens sensi-
tive rosystems. Examples of actions that might
qualily for use of removal authorty inclode removat
of surface sources {e.g., drums or highly contami-
nated so:is), removal of subsurface sour o8,
NAPL sccumulaions, highty cont .ﬁmxmud auxl-, or
other bured wiste), und conlamnment of migrating
ground-water contamination “hot spots” (zones of
high contaminani cancenlration; or plumes o pritect
current ar potential drinking water supplivs.

Removals of subsurface sources most likely will be
non-time-critical goticns, although dme-critical ac-
tions may be approprigie for removal of NAPL ac-
curnulations or ulher seurces, depending on the ur-
gency of the threat, Documentaton reguircements
for removal acuons mohide ¢ Removal Action
Memorandum and, for non-time ceincal acuons, an
Engincering EvalusionCost Analysis report

Removal aeuons must atin ARARs (o the exent
practicable, considering the exipencies ol the
situation. The urgency of the sitpation and the scope
of the removal action may be considered when
determining the pracucability ol alaining ARARs
(NCP $3030.413353, Standards or regulations typically
used Lo establish ground-water cleanup levels for final
acuons (¢, MCLsMCLGs) may not be ARARK,
depending on the scope of the removal, Further

4 See “Gundance on Conducting Non-Time Critical Removal Acuons amder CERCLA,” OSWER Publiveion 9360.0-32,

August 1993 (EPA 19930,




informudion on removal actions may be found in
other EPA guidances (EPA 1990b, 19914d),

2.2.2 Interim RODs

Interim RODs may be approprigie where there 15 a
maderate 1o high degroe of uncenainty regarding at-
tainment of ARARS ur other protectve cleanup lev-
els. As mentioned before, an interim action may be
used to minmimize further contaminant migraton and
reduce the risk of exposure o contaminated ground
water, fuerim acnons ingclude containment of the
leading cdge of 2 plume 1w prevent further contami-
naiion of unalfected portions of an aquiler, removal
of source material, remediation of ground-water hot
spols, and in some cases, instaliation af physical
bastiers or caps o contain releases {rom sourcs ma-
terigls, Interim aciions should be menitored care-
fully w0 collect detailed information regarding aqus-
fer response o remediation, which should be used 10
augment and update provious site characlerization
efforts. This informaton then can be used at a luter
date w devalop final remediation gouls and cleanup
levels tat more aecurately reflect the partcalar con-
ditivns of the site.

I is impoertant w note Ut for inlerim sctions,
ARARS must be attalned anly f they are within the
scope of that action. For example, where an tnterim
goetion will manage or contin rogration of an ague-
ous cortaminasnt plume, MCLs and MCLGs would
not be ARARS, since thie objective of the action s
containment, not cleanup {although requirements
such as those related to discharge of the wveated water
sitll would be ARARS, since they address the disposi-
tion of rested wasiel,

Furthermose, a requirement that is an ARAR for an
wnterim acuon may be waived under certun circom-
slances, An Cinterim action” ARAR waiver may be
invoked where an imterim action that does not aiain
am ARAR {5 part of, or will be followed by, a final
action that does (NCP §300.430(0(1 WIH{CY. For ex-
ample, where an interim action seeks 1o reduge con-
tarnination levels in a ground-water hol spol, MCLs/
MCLGs may be ARARS since the action s cleaning
up a portion of the contaminated ground water, 1f
fiowewver, this interim action is expected W be fol-
lowed by a tinal, ARAR-compliant action that ad-
dresses the entire conlamuinuted ground-water zone,
an nterim scuon ARAR wuiver may be invoked,

22.3 Final RODs

Where site characterization is very thorough and
there is 4 moderate (o high degree of certainty that
Cleanup levels can be achieved, a final decision docu-
ment shoold be developed that adopis those levels,
Conversely, in cases where there is a high degree of
certainty that cleanup levels cannot be achieved, a final
ROD that invokes a T1 ARAR waiver and establishes
any allenwative Temedial strategy may be the most appro-
prigte option,” Note that for ROD-stage waivers, site
characterization generally should be sufficiendy de-
tailed 10 address the dsia and analysis requirements far
T1 determinatians sot {fonh in this guidance.

2.2.4 ROD Contingency Remedies and
Contingency Language

Where a moderate degree of unpertainty exists ro-
garding the ability 10 achieve cleanup levels, a final
ARAR-compliant ROD generally stil s appropriste.
However, the ROD may inclyde contingency lan-
puage that addresses actions to be aken in the event
the selected remedy 15 unhable 10 achieve the required
cleanup levels (EPA 199G, 1991a). The canlingency
language may include requirements 1o enhance or
augment e planmed remediation system as well as
an allemative remedial lechnology o be employed if
mudifications to the planned system fail to sigmifi-
canly uprove 1 performance, Use of languape in
final remedy decision documents that addresses the
uncertainty in achigving required cleanup levels alsa
is appropriate 1 corlain Cuses, However, language
that identifies 4 T1 decision (e.g., an ARAR
waiver) as a future contingency of the remedy
should be avoided. Such lunguage is oL hecessary,
as g Tl evaluation may be perfomed (and u decision
made) by EPA at any sile eegardless of whether such
a contingency s provided in the decision decument.

Noute that in cases of existing RODs that aiready
invlude a contingency for invoking a TT ARAR
waiver, the conditions under which the ARAR
may be waived should be consistent with, and as
stringent us, those presenied in this guidance or a
future update,

Furthermore, the fact that such contingency lan-
guage has been included in an existing ROD does
oot alter the need to enhance or qugment g rem-
edy to improve its ability to attain ARARSs before
concluding that a waiver can be granted. 1 alse

5 At sites where s [T ARAR waiver s invoked in the ROD, preparavon of the pre-relemal negotation packege (“mini-lis" pack-

Bge) rmust uw

pact s incorporated.

papizl

lude unalysis of the model Consent Degree langusge wo ensure tht approprise consideration of the walver's im-



should be noted that remediation must be conducted
far a sufficient period of time before i3 ability to re-
store contaminated ground water can be evaluated.
This minimum time period will b¢ determined by
EPA on a sitz-specilic basis.

2.3 Documenting Ground-Water Remedy
Decisions under RCRA

The inswuments used {or implementing the RCRA
Corrective Agton program (permits and orders) also
anz amenable 10 8 phused approach to remedy selec-
tion and facility remediation. The RCRA program
can use permits or orders to campel both interim
measures and final remedies.

2.3.1. Permits/Ordery Addressing Stabilization
ROCRA permits or orders can require the stabilizaton
of releases {rom solid waste managemaent units
(SWHLIs) at the facibity, The Swabilization Inigative
focuses on taking interim actions to prevent the fur-
ther spread of existing contamination and reduce
risks. Examples of measures used for stabilization
mnelude capping, excavation, and plume containment,
Since the long-leem or final ¢leanup of the facility is
nal the abjective of stabilization (although swabiliza-
tion showld be consistent with the final remedy), T1
decisions are not applicable at this early stage. Infor-
rmaton gained during stabilizaton should be vsed to
help determing the restortion polential of the facility
and the objeciives of the final remedy.

232, Permits/Orders Addressing Final Remedies
Where achieving ground-water cleanup standards is
determined by EPA o be technically impeacticable,
the permit or arder addressing final remedies should
include practicable and protegtive aliemative reme-
dial measures. EPA's decision to make a Tl determi-
nagien will be pased on clear and convinging infor-
mation provided by the awnerfoperator. EPA gener-
ally will seek public comment on T1 determinations
prior to implementaton, EPA'S preliminary T deter-
minations and justihication for these determinations
should be documented in a Statement of Bayis. As
discussed above, uncertanty in the ability to restore
an aguifer should be reduced through phased charac-
lerizaon and the use of interim remedial measures,
whire appeopriate,

Permits and onrlers thit address “Tinal” remedies should
specify the remcdiation cleanup levels selected by the
implementing Agency. Such permits and orders, bow-
ever, generally should niot incorporate contingency Tl
fanguage. The permit or order will need to be modified

1o decument the T1 determination and 1o specily, as
appropriate, aliemative cleanup levels and altermative
remedial measures that bave been determined w be
wechnically praciicable and pratective of bumaan health
snd the environment.

3.0 Remedial Strategy for
DNAPL Sites

Many of thg subsurtface contaminants present at Su-
perfund sites and RCRA Taciiities are organic com-
pounds that are either lighter-than-water NAPLs
[LNAPLS) or DNAFLs. As mentioned io Section 1.1,
the presence of NAPL contamination, and in particu-
far DNAPL contamination, may have a significant
tmpact on site investigations and the ability 10 restore
contninated portions of the subsurface 0 required
cleanup levels, Farthermore, DNAPL contaminatinn
may be a relaively widespread problem. A recamt
EPA study (EPA 1993a) concluded thal up w 60 per-
cent of Natonal Priorities List (INPL) sues may have
ONAPL contamination in the subsurface; a signifi-
camt percentage of RORA Corrective Action facilities
also are thought 10 be affected by DNAPLs, As
proven technotogies for the removal of cenain types
of DNAPL contwnination do not exist vet, DNAPL
sites are more lkely w0 reguire T evaluations than
sties with other ypes of conlamination, Although
this paidance pertains o T evaluations at all site
ypes, EPA believes the significance of the DNAPL
contaminaton problem warranls the foilowing bref
discussion of DNAPL contamination and recom-
menaded site management stralegies,

DINAPLs comprise a broad class of compounds, 1n-
cluding erecsote and coal tars, polychlorinated bipha-
uyls (PCBs), cortain pesucides, and chlorinated or-
gani¢ solvenrs such as richloroethylene (TCE) and
wirachloroethytene (PFCE). The term “DNAPL" re-
fers only o liguids immiscible m, and denser than,
water and not o chemicals that are dissolved mowater
that oniginally may have been derived from o DINAPL
spurce. DNAPLS may occur as “free-phase” or “re-
sidual” contrnination. Free-phase DNAPL is an im-
miscible igquid in the subsurface that is under pasitive
pressure; that is, the DNAPL is capable of Dowing
inte & well or migraung laserally or vericaity through
an ayuifer, Where verucally migraung [ree-phase
DINAPL encounters a rock or soil layer of relatively

low permeability (¢.g., clay or other fine-grained layer),
a DNAPL accurmulation or “pool” may {orm. Residual
DNAPL is immiscible liquid held by capillary forces



within the pores or fractures in soil or tock layers;
residual DNAPL, theeefore, generally is not capable
of migrating or being displaced by normal ground-
water flow. Both free-phase and residuat DNAPL,
however, can sfowly dissolve in ground water and
produce “plumes” of aquecus-phase contamination,
DNAPLs also can produce subsurlace vapors capable
of migrating through the unsaturated zone and con-
tuninating ground waler (EFA 1992¢), Figure 2 de-
picts the various types of contamination that may be
encountered at a DNAPL sile.

The three areas tal should be delineated at a
DNAPL site are the DNAPL entry location, the
DNAPL zong, and the agusous contaminan! plume,
The entry locations are those areas where DNAPL
was released and likely ig present in the subsoarlace,
Entry tocatipns include waste disposal Jagoons, drum
buriul sites, or any other arga where DINAPL was al-
lorwed 10 infilrate into the subsurface, The DNAPL
zone is delined by that portion of the subsurface con-
1aining {ree-phase or residual DNAPL. Thus, the
DNAPL zone includes all portions of the subsurface
where the immiscible-phase contamination has come
to be Jocated. The DNAPL zone may occur within
both the saturated zone (below the water able) and
the unsaturated zone (abave the water table), The
DNAPL zone also may contain vapor and aqueous-
phase contaminaton derived from the DNAPL, The
DNAPL zone may include areas of relatively great
depths and lateral distances from the entry locations,
depending on the subsurface geology and the volume
af DNAPL refeased. The agueous contaminant

plume comains organic chemicals in the dissolved
phase. The plume originates from the DNAPL zong
and may extend hundreds or thousands of fegt
downgradient (in the direclon of ground-waler flow),
Figure 3 illustrates e vanous components of &
DNAPL sie,

Since cach DNAPL site componant may requite 3
different rainediation sirategy, il 15 importaal o char-
acterize these components o the extent praclicable,
Thus, the properties and behavier of DINAPL con-
tamimation require considerstion when planning and
conducting both site investigation and remediadon,
The poitential for DNAPL cocurtenes & the site
should be evaluated as carly as passible in the sie in-
vesligation. Recent publicatons such as “Estmating
Porendal for DNAPL Occurrence wl Superfund Sies™
(CPA 1992y and “DNAPL Sue Evaluaion” (Cehen
and Mercer, 1993) provide detailed guidange on
these topics, Al siles where DNAPL disposal is
krown or suspecied to have occurred, hkely DNAPL
entey locanions should be identified from available
historizal waste-managemeny inlermalion and sub-
surface chemistry data. This inlormation cian assist
in the delineation of the DNAPL zone.

Characterization and delineauon of the DNAPL zone
15 critical for remedy design and evaluation of the
restoration potential of the site. At many sites, a sub-
surfuce investigaion strategy thal beging cuside of
the suspected DNAPL vone may be appropriale
{outside-in” strategy), in part w0 minimize the possi-
bility of inadverient mobilization of DNAPLS o

Figure 2. Types of Contamination and Contaminant Zones at
DNAPL Sites (Cross-sectional view)
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DMAPL zone may be difficult at certain sites dug o
complex geology or wasie disposal pracuces. In sach
cases, the extent of the DNAPL zone may need to be
inferred from geologi: information (e.g., thickness,
extenl, structure, and permeability of soil or rock
units) or from interpretation of the agueous concen-
tration of conaminants derived from DNAPL
sources, At some sites, however, geologic complex- remaove all of the
ity and inadequate information on waste disposal may
make the delineation of the DNAPL zone difficult, pursued whereve

Short-term remediation objectives generally shoutd
include prevention of exposure (0 contaminated
ground water and containment of the agueous con-
tarninang plume, Where sufficient information is
available, early remaval of DINAPL sources also is
recommended. Information gathered during these ar rizmoved,

Figure 3. Components of DNAPL Sltes
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used to help characlerize the site and
idenufy practicable options for funher remediation.

The long-term remediation objectives for a DNAPL
zong should be 1o remove the free-phase, residual,
and vapor phase DNAPL 1o the extent practcablie and
comain DNAPL sources that canngl be remowved,
EPA recognizes that it may be difficult w locate and
subsurface DNAPL within a
DNAPL zone. Removal of DNAPL mass shoutd be

r practicable and, in general, where
significam reduction of current or fulure risk will re-
A phased approach, as discussed in Saction 2.1, 15 sull® Where il s technically impracticable 1o remove
recommended for DNAPL sites; such an approach
may facilitate identification of appropriate shor- and
long-term site remediation objectives. Note also that
technical approaches appropriate for the DNAPL practicable.’
zone {¢.g., freg-phast DNAPL removal, vapor extrac-
tion, excavation, and slurry walls aided by hmited
pumyp-gnd-weat) may differ sigonificandy from those long-term source
appropriate for the aqueous contaminant plume (typi-
cally pump-and-treat),

subsurface DNAPLs, EPA expects 1o conliin the
DNAFL zone to minimize further release of camami-
nants (o the surmounding ground water, wherever

Where it is technically pracucable 1o contain the

5 of contaminadon, such as the
DNAPL zone, EPA expects 1o restore the aqueous
vontaminant plume putside e DNAPL zone w re-
vels, Lffective conlainment ol the
DNAPL zoue generally will be reguired o achieve
this long-term objective because ground-water ¢x-
traction remedies {2.2., punip-and-treat) of in site
weaumenl Wwehnoelogios are effective for plume resto-
ration only where source areas huve been contained

& DNAPL mass removal also must satisfy the Superfund or RCRA Corrective Action remedy selection critenia, us sppropriale,
7 As DNAFLs may be remobilized during drilling or ground-water pumping, causion should be exercised where such activides




Moniwring and assessing the performance of
DMNAFL. zone containment and aguifer restoration
systems, thergfore, aro ¢ritical (0 maintaining remedy
protectiveness and evaluating the need for remedy
enhancements or apphicadon of new technologies.

EPA recognizes, however, that there are technical
limitations o ground-water remediaton echnologies
unrefated 1o the presence of a DNAPL source zone,
These lmitations, which include contaminant-related
factors (e.g., slow desorption of contaminants from
aquifer materials) and hydrogeologic factors {e.g.,
heterogeneity of soil or rock propertiies}, should be
caonstdered when evaluating the wechnical practicabil-
ity of restoring the aguecus plume,

EPA encourages consideration of innovative technolo-
gies at DNAPL sites, particularly where containment
of a DNAPL zone may require costly periodic mainte-
nance (and perhaps replacement). Innovative echnolo-
gies, therefore, should be considered where DNAPL
zone contanment could be enbanced or where such a
technology could clean up the DNAPL zone,

4.0 TI Decisions and Supporting
Information

4.1 Regquiatory Framewaork for Tl Decisions

The bases for T1 decisions discussed in this guidance
are provided in CERCLA and the NCP for the Super-
fund program and in the Proposed Subpant S rule for
the RCRA program. While the processes the two pro-
grams use o establish cleanup levels differ (c.g., the
AR AR concept i not used in RCRA), the primary con-
siderations for determining the techaical impractcabil-
ity of achieving those levels are identical:

» Engineering feasibility; and
+ Reliability.

A brief sumimary of the regulatory basis for establish-
ing cleanup levels and making T{ determinations at
Supecfund and RCRA sites 15 provided below.

4.1.1 Superfund

Remedial allermatives at Superfund sites must satisfy
vwo “threshold” criteria specified in the NCP o be
eligible for selecticn: 1) the remedy must be protec-
tive of human heablth and the environment; and 2) the

remedy must mest (or provide the basis far waiving}
the ARARs wlentified for the action® There generally
are several different tvpes of ARARS associawed with
ground-water remedies at Superfund sites, such as re-
quirements for discharge of meated waler w surface
water bodies or other receplors, limitations on in-
jecuan of teated water into the subsurface, and
cleanup levels for contamipanty in the ground waler,
ARARS ysed to establish cleanup levels for current or
potentially drinkable ground water typically are
MCLs or non-zero MCLGs established under the
Federal Safe Drinking Waler Act, ar in some cases,
more stringent $tate reguirements, For compounds
for which there are no ARARs, cleanup levels gener-
ally are Chosen 10 Prolecl users oF reeeptars (rom un-
acceplable cancer angd non-cancer health nsks ar ad-
verse environmental effects. Such levels generally
are established o fall within the range of 10 o (0
lifetine cancer risk or below a harard index of one
for non-carcinogens, as appropriaie,

ARARs may be waived by EPA for any of the six
reasons specificd by CERCLA und the NCF (High-
light 1}, including technical impracticability lrom
an engineering perspective. T1 walvers generally
will be applicable anly for AR ARs that are ysed o
establish cleanup performance standards or levels,
such as chemicab-specific MCLs vr Swate ground-wa-
ter quality criteria.

Highlight 1.
CERCLA ARAR Walvers

The six ARAR waivers provided by CERCLA
§121(dK4) ara:

1. Ingerim Action Waiver;

2. Equivalent Standard of Performance Waiver,

3, Greater Risk o Health and te Envisgoment
Waiver

4. Technical Impracticability Waiver,;

3. Inconsistent Applicalion of Stale Sandard
Waiver; and

6. Fund Balancing Waiver,

8 NOP 3004300 1(i). For a detsiled discussion of the Superfund remedy selection process, see also EPA 19581 and 19880,




Use of the term “engineening perspectiva” implies that
a T determination should primarily focus on the ech-
nical capability of achieving e cleanyp level, with
cost playing 3 subordinate mle, The NCP Preamble
states that T1 dewnminguons should be based on;

-engineering feasibility and reliability, with
cost generally not a major factor unless compli-
ance would be inordinately costly,”

4,1.2 RCRA

The Proposed Subpart S rule specifies that the comec-
tive action for contaminated ground water include at-
tainment of “media Cleanup standards,” which gengr-
ally are Federal or State MCLs, contaminant levels
within the range of 10 1o 10 lifstime cancer nisk, or
hazard index of less han one for non-carcincgens, as
approprizie. The proposed rule alsa speeifies three
condivony under which statranen of media cleanup
standards muy not be reguired; 1) remediation of the re-
leass would provide no significart reduction in nsks w
actual or petendal recepiors; 23 the release does nos (-
cur in, or theenwen, ground walers that are curment or -
tential sources of drinking witer; ancd 3) remediation
of the release to media cleanup standards is tech-
nically impracticable.’

Further clarification of T1 determinations is provided
in the preambie w the propesed rule. The determina-
tion involves & consideration of the “engineering
feasibility and reliability” ol attaining media
cleanup standaeds, as well as stiwatons where reme-
diaticn may be “technically possible,” but the “scale
of the epertions required might be of such a magni-
tude and complexity thas the alternative would be
impracticable” (emphasis addeds.’

The basis for o RCRA Subpant 8 11 decision {engineer-
ing teasibility, reliability, and the magnitude and cons-
plexity of the acuen) herefore 13 consisient with thal
provided for the Superfund program in the NCP. Inthe
context of remedy selection, both programs consider
U ssotion of wechnical feasibility along with reliability
angd econoini considerationg; however, the role of cost
(ot scale) of the action is subordinate to the goal of
remedy protectiveness.,

4.2 Timing of Tl Decislons

TT degisions may be made 2ither when a final site
decision document is being developed (ce., RCRA

9 Bes NOP Preamble, 55 FR 8748, March 1, 1990,

Statemeni of Basis and Response w Comments or
Superfund ROD} or after the remedy has been
implemented and monitored {or a period of tuneg,
EPA belicves that, i masy cases, TT decisions should
be made only after isterim o Tull-scale squiler
remediption sysiems are implemented because often it
is difficult 1 predicy the eftecuveness of remedies
based on limited site ¢ch ar.u tericalion duty alune,
However, in some cases, 11 decisions may be made
pricr W remady imp[em"numun These pra-
implementadon or “front-end” T1 decisions must be
supporied adequately by detailed sile characierbzation
and dats analysis. Frong-end TI evaluatons shouold
focus om those data and analyses that define tw most
eritici) Hmilgtions 10 ground-water restoration,

Dt angd analysis requirements [oe lront-end deci-
sians should be considered carelully, Gengrally, in-
formation regarding thy mature and cxtent of ¢ontani-
UJUUH SOUTces 1% i[!Ux’C‘ crigieald 1o ;le‘:\.‘:xﬂrh; f’”'uiordll(}n
potentiad than are other types ol charscierization data.
This alien is the case, as cwreatly avatlable technolo-
gies generslly are more elfvetive for remediating and
restoning contaminated aquifers affected only by dis-
salved, or aqueous, conguninabion. However, CErun
s of SOowres CORLMMINALON Are Fesistnt 1o oxTgtion
by thess technologies and can conunue w dissalve
slowly into ground watar for indefinite periods of time,
Examples of this tvpe of source constrainl include ¢or-
tain oegurrences of NAPLy, such us whire the guantty,
disuibunion, or propertes of the NAPL render s re-
moval from, or destiruction within, the subsurface infea-
sible or inordinastely costly {3ee Seclion 3.4,

Geglogic constrams, such as aguiler heteroger
(e, inlerfaveriag of Comrse aid tine-graned sy,
also may eritcally imil the abaliey wrestare an aguifer.
Howewer, Lgu;uaﬁl} 15 e difficull w accurately de-
terming the inpaet vl such constrants prar we anple-
mentation and monionng of partal or ull-cale agqui-
ter remedicbon eilons. Some geologic conytraints,
however, may be defined sulliciemly during stte
characierzation so that theil impacts on resoeration
potential are known with a relatively hiph degree of
coertaingy, An exsmple of this tvpe of vonsisaint in-
cludes complex Practuring ol bedrock aguilers,
which makes recovery of conlaminaied ground wa-
ter or DNAPLs exvemely difficuls

it shoulkd be noed, however, that the preseace of
known remediation consiraimis, such as DNAPL

10 Technical impracticabilivy s discussed in Seciions 264.525(d M2 and 264531 of tie Proposed Subpart 5 rale,

11 Propozed Subpart 8; 533 FR 30859, Tuly 27, 1990




fractured bedrock, or other condition, are not by
themselves sufficient to jusiity a TI determination,
Adequate site characterization data must be presented
to demanstrale, not only that the constrainl exists, but
that the effect of the constraint on contaminant disiri-
bution and recovery potential poses a criucal limita-
tion o the effecuveness of available technologies.

4.3 Tt Evaluation Components'?

Determunations of technical impracticability will be
made by EPA based on site-specific characterization
and, where appropriate, remedy performance data.

ese data should be collected, analyzed, and pre-
genied so that the engineering feasibility and reliabil
ity of ground-water restoration are fully addressed in
a concise and logical manner,

The T evaluation may be prepared by the owner/op-
crator of a RCRA facility, by a PRP at an enforce-
ment-lead Superfund site, or by EPA or the State a1
Fund- or Suste-lead sites, as uppropriate. The evalu-
ativn generally should include the following com-
ponents, based on site-specific information and
analyses:

1. Specific ARARs or media cleanup standards for
which T1 delerminations are sought {See Section
4.4.1%

2. Spatial area over which the T decision will apply
(Sze Secuon 4.4.2),

3. Conceptual model that describes site geology, hy-
drodopy, ground-water contaminalion sources,
transport, and fate {See Section 4.4.3),

An evaluation of the restoration potential of the siwe,
including duta and analyses that support any
agsertion that atainment of ARARSs ar media
cleanup standards is technically impracticable from
an congineering perspective {See Section 4.4.4), Ata
minimum, this generally should include:

o

a. A demonstration that contamination scurces
have been identified and have been, or will be,
removed and contadned (o the extent practicable;

b, An analysis of the performance of any cngo-
ing or completed remedial actions;

. Predictive analyses of the umelrames 1o atain
required cleanup levels using available ech.
nologics; and

d. A demonstratien that no other remedial 1ech-
nologies (conventional or innovative) could
relinbly, logicalty, or feasibly attain the
cleanup levels at the site within & reasonable
tmeframe.

5. Estimates of the cost of the existing or pro-
posed remedy aptions. including consiructon,
aperstion, and mainienance costs (See Sectian
4.4.5).

6, Any additional information or analyses that
EPA deems necessary Lor the TL evaluation,

The data and analyses needed to address each of
these components of a T1 evaluation should be de-
termined on a site-specific basis. Where cutside
parties are preparing the TI evaluation, its contents
geacrally should be identified and discussed prior o
submittal of the evaluation 1w EPA. Early agreement
between EPA and PRPs or ownerfoperators on the tvpe
and quantity of dasa and anatyses required for TT deci-
sions will promote eflicient review of T1 evaluations.

References to other documents in the administrative
regord, such as the REFS and RFL, likely will be nec-
essary o produce a concise evaluation; however,
these references should be as explicit as possible
(e.8., cute spevific page or tble numbers), Technical
discussions and conclusions should be supported by
data complilaions, staistical analyses, or other Lypes
of data reducrion ingluded in the evaluation,

4.4 Supporting Informatlon tor Tl Evaluations

Mast, if not all, of the Information needed o evaluate
TI could be ohiained during a thorpugh site investiga-
tion and, where appropriaig, remedy performance
monioring efforts. At some siles, however, addi-
ticnal analysis of existing dat or new information
may be reguired before EPA can delerming acou-
rately the technical practicability of the resworslion
goals. Not all of the data or analyses cutioed in this
guidance will be required at all sites; specific infor-
maton needs will depend on site conditions and any
ongoing remediation efforts.

12 Faor this guidanes » “T1 evaluation” comprises the dats and analyses necessary w make a T determination. The T evaluation
may be performed by PRPs a1 enforeement-tead Superfund sites, or by State or other Federal agencics, where appropriate,
Similarly, owner/uperators at RCRA facilities may perform T eveluations. However, the acieal T “delermination,” or "deci-
sien,” will be made by EPA {or other lead agency, a5 appropriate).




The data and analyses identified and discossed below
gddress the TT evaluation componenis provided in
Section 4.3,

44,1, Specific ARARs or Media Cleanup
Standards

The Tl evaluation should identify the specific
ARARSs or media cleanup standards (e, the specific
contaminantsy for which the determinadon is soughu
Such contaminants yenerally should include only
those for which atainment of the required cleanup
lewals is lechnically impracucable. Faclors EPA
will consider when evaluating contaminants that
may be mcluded in the TT decision include: 1) the
1echnical feusibility of restoring some of the con-
laminamts present in the ground waler; and 2) the
potential advantages of attaining cleanap levels for
some of the conaminants,

For example, consider a Superfund site with 4 DNAPL
conuuningion problem (e.g., TCE), including a wide-
spruad subsurface DNAPL source area for which con-
[inment or restoration are echnically impragticable,
The syucous plisme wlso contans INOrganic contmina-
ticn (e.g., cheomuam) from on-sie sources, Although it
would be feasible 1o reduce chiromium concentrations
10 1he reguired clesnup level within a reasonable tene-
frame, TCE concentratons would remain above
cleanup levels much longer due W the continued pres-
enve of the INAPL or slow desorption of TCE from
aquifer materials, However, insuch cases, EPA may
choose o limit the TT ARAR waiver o TCLE alone,
whilz requinng cleanup of tie chromium, !

Twa siwutions would Tavor use of this approach.

The first would be where attaining chromium clesnup
levels in the ground water will make future ex siti
treatment of the {TCE-contamingted) ground waler
fess complea and less expensive, This may be advan-
tigeous whore a commuaity wishes w exuracl the
TCE-comaminaied wuter, perform ex sifu treatment,
and put the wreated water o beneficial use, A related
consideraiion 38 whether removal of the chromium
will facilitate fuisre subsurface remedintion using 4
newly developed technology, The second situation
favaring this approach is where one of the contami-
nants {e.g., TCE) is being nawsally biodegraded und
the other (e.g., chromium) s pot. Theretore, cleanup
of the chromium may resull in more rapid attainment
of the long-term cleanup goals at the site,

Where the balance of conditions at such a site do not
indicate that 11 s practicable to attain the ¢leanup
leyvels for oniy some of the contaminants present,
EPA may concluda that cleanup levels for the re-
muining congminants need not be auained, depend.
ing oo the circumstances of the site. As discussed
further in Section 5.0, however, this decision does
not preclude EPA from selecung (or cominuing op-
eration ol) o remedy that ingludes active measures
{e.g., pump-and-1real) along with measures (o pre-
venl exposure (2.g., institutional control) needed 1o
atddress site risks.

4.4.2 Sparial Extent of Tl Decisions

The TT evaluation should specify the horizontal and
verteal extent of the area for which the TT determina.
tion iz sought, Where EPA determines that ground-
WRLCT Festoration is technicatly impracticable, the
area over which the decision applics (the “T1 zone™)
gengrally will include afl portions of the contarni-
nated ground water that do not me 1he required
cleantup levels (contaminated ground-waler zone), un-
less the TT zone s otherwise defined by EPA.

I certwin cases, EPA may resirict the eatent of the
TI zome 30 8 portion or subarea within the contamil-
nated ground-water zone. For example, consider a
DNAPL site where 1L 15 technically impracticable o
remnove the residual DNAPLs from the subsurface
but it 15 feasible and pracucable we 1) limit further
migration of contaminated ground-water ysing 3
conainment system, and 2J restore that portion of
the aqueous plume oulside of the containment area,
The TE zone inhis case showld be restricled to that
portien of the site that lies within the containment
arga. Outside of the TT rone, ARARs ar media
cleanup standards sull weuld apply, The potential
10 spatiatly restrict the T zong, therelore, will de-
perst on the ability 1o delineate and contain non-re.
movable subsurface contmingtion sources and re-
store those portions of the agueous plume outside of
e contsinment area, The spatial extent of the T1
zone should be Iimited 10 25 small an arca as pos-
sible, given the circpmsiances of the site,

A TT zone should be delineated spatially, both in area
and depth, Depth of a TT zore muy be defined in ab-
solote terms {oog., feel above mean sea level orin
refutive lerms fe.g., with respect to various aguifers
within muli-aquiler syslems), as appropriate, Where

13 The extrecled ground water would likely reed o be veated far both TOE and chiromium 1o satisly treaiment and waste dis-

psal ARARS.




the TI zone will be restricted o 3 portion of the con-
aminated ground-water zone, the limits of the T1
zone should be delineated clearly on site maps and
geolagic cross-sectons, Delincation of the TT zone
based on the location of a pardcular mapped contami.
nant concentration contour interval (e.g., the 200 part
per billion {soconcentration line) generally should be
avoided. This is because the location of such mapped
contours often is highly interpretive, and their posi-
tion may change with ume. While concentration data
may be appropriate to consider when determining the
size of & contalnment area or the ¢xtent of a T1 zone,
the limits of that T1 zone should be fixed in space,
both horizontally and verticatly,

4.4.3 Development and Purpaose of the Site
Conceptual Model

Decisions regarding the technical practicability of
ground-water restoration must be based on a thor-
ough characienization of the physical and chemical
aspects of the sile, Characterization data should de-
scribe site geology ard hydrology; contamination
sotirces, properdes, and distnibution, release mecha-
nisms and rates; fate and wansport processes: current
ar potential receptors; and other elements (hat define
the contamination problem and facilitate analysis of
sifg restoration potendal, While the clements of such
a model may vary from site W site, some generaliza-
tions can be made about what such a model would
contain, Examples of these elements are provided in
Figure 4. The site concepiual mode! synthegizes dita
acquired from historical research, site characieriza-
tion, and remediation system oparation.

The sue concepiu modal typically is prosented as a
surnntary or specific component of a site investigution
report. The model 15 based on, and should be sup-
parted by, interpretivi graphics, reduced and analyzed
data, subsurface investigation logs, and other perunent
characterization informadon. The site conceptual
model is nul a mathematical of computer moded, al-
though these may be used o assist in developing and
1esting the validity of i concepiual model or evaluating
the restoration potential of the site, The conceptual
model, like any theory or hypaothesis, s a dynamic ool
that should be tested and refined throughout the lifz of
the project. As iNustraed in Figure 5, the model shoutd
evolve n siages as information is gathened during the
various phases of site remediation, This lterative pro-
cess allows data collection effons to be designed so
thal key model bypotheses may be tested and revised 1o
reflect new informalion.

The conceplual medel serves as the foundation for
evaluating the restorauon potenund of the siw and,

Lt

thereby, technical inpracticability as well, The Ti
determination must consider how site conditions im-
pacl the potential for achieving remediation goals and
whether remediation perfonmance, cost-effectiveness,
and tmefrume meet EPA requirements or expecta-
tions, Ag these delerminations rely on professional
Judgment, the clanty of the conceprual model (and
supporting information) is critical o the decision.
making process.

4.4.4 Evgluation of Restoration Potential

4.4.4.1 Source Control Measures. Remediation of
conlaminaion sources is critical to the suceess of
aquifer restorstion effors. Continued releases of
contaminagon from source materials o graungd waler
can greatly redoce the effectivencss of aguifer nesto-
ratinn echnologies, such &s pumnp-and-treat, which
generatly are effective oaly for removing dissolved
contaminants (EPA 19890, 1992d). EPA considers
subsurface NAPLS [ be sourge materials becanse
they are capable ol releasing significans quantities of
dissolved contamination o ground waler over long
periods of time.

A demonsiration that ground-water restoralios i3
echnically impracticable generally should be accom-
panied by 4 demonsiration that contaminalion sources
have been, or will be, identified and remuoved or
treated o the gxtent practicable. EPA recognizes that
locating and remedinting subsurface sourees can be
difficult, For example, locating DNAPLS in certain
complex geologic eavironments may be impracy-
cable, EPA eapects, however, that Wi reasenable ef-
forts will be made o identify the location uf source
arcas tdrough historica! information searches and site
characterization ellorns,

Source removal angd remedigtion may be difficuly,
even where soyree locations ate known. The appro-
priate level af effort for source removal and remedia-
tion must ke evaluated oo a site-specific basis, con-
sidering the degree of risk reduction and any oiher
patenial benefiss that would resolt from such an ac-
tion, BEven partisl rernoval of contaminabion sources
can greatly reduce the tong-enn relance on both ac-
tive and passive ground-waler remediation,

Where complete sounce removal or reatment is im-
practicable, use of migration control or conlainment
measures should be considered. Physical and hy-
draulic barrers are proven technologios that are ca-
pable of hmiung or preventing further contaminang




Flgure 4. Elements of Site Conceptual Model

The data and analysis required for TT evaluations will be determined by EPA on a site-specific basis. This infor-
mation should be presented in formats conducive o analysis and in sufficient dewil w define the key sife condi-
tions and machanisms that limit restoration potential. Types of information and analysis that may be needed for
conceptual model development are iliustrated below.

Background Information

» Lacation of watar supply walls,

= Ground-watsr Classification.

» Nearby wellhead protection areas or sole-saurce aguifers.
+ Location of potential environmental receptors.

Geologic and Hydrslogle Information Contaminant Source and Release Information
« Description of ragional and sits gaology. » Location, nature, ang history of previous
» Physical properties of subsuriace materials COMAMINANt raleasss of SOUICES.
i8.g., taxture, porosity, bulk densityl. + Localions and characterizations of continuing
« Stratigraphy, including thickness, lateral extant, contin- releasos or soUrces,
uity of units, and presence of depositional features, + Locations of subsurface scurces {a.g., NAPLs
such as channe! deposits, thal may provide praferantial

pathways for, or barriars 1o, cantaminant transpon.
+ Geclogic structures that may form preferential pathways
tar NAPL migration ar zonss of accumulation.
+ Dapth 1¢ ground water.
Mydraulic gradients (harizontal and vertical).
Hydrawlic properties of subsurace materials {¢.g.,
hycraulic conductivity, starage cosfficient, effective
porosity} and thelr diractional variabitty {anisotropy).
+ Spatial distributicn of soil or bedrock physicabhydraulic
propertias (degree of heteragenaity).
Charactarization of secondary porosity features
(8.g., fractures, karst featurss) to the axtant gracticabls,
= Temparal variability in hydrologic conditions,
« Ground-water recharge and discharge information.
+ Ground-water/surface watsr interactions,

-

Contaminant Distribution, Transport, and Fate Parameters

+ Phase distribution of sach contaminant (gaseous, aquecus, sorbed, free-phase NAFL, or tesidual NAPL)
in the unsaturated and saturated zones,

+ Spatial distripution of subsurface contaminants in each phase in the unsaturaied and saturated zones.

« Estimates of subsurface santaminan! mass.

+ Temporal trends in contaminant concentrations in each phasa.

+ Borpticn infarmation, including contaminant retardation factors.

« Contaminant transformation processes and rale estimalss,

= Contarmirant migration rates.

« Assassmant of tacilitated transpont mechanisms {e.g., colleidal ranspert).

+ Proparties af NAPLs that affect transpon (e.g., compostion, effective constiuent salubilities, density, viscosity).

« Geochamical characteristics of subsurface media that affect contaminant transpont and fate,

» Other characteristios that affect distribution, transport, and fale {e.g., vaper transpon properties),




Figure 5. Evolution of the Site Conceptual Madel
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migration from a source grea under the right circume-
stances, While these containment meagsures we not
capable of restoring source arcas w required cleanup
levels (i.c., a T decision may be necessary for the
source area), they may enable restoration of poriens
of the aquifer cuside the containment zone,

4.4.4.2 Remedial Action Performance Analysis,
The saitability und performance of any completed or
ongoing ground-water remedial actions should be
evaluated with pzspuct 1o the objecuives of those ue-
tpns. Examples of remedy performange dat are pro-
vided in Figure 6. The performance analysis should:

1. Demonstrate that the ground-waler manioring pro-
grany within and cuwside of the ayueous conaminant
plume 15 of sufficient quality and detail 1 fully
gvaliare remedial setion performance (e.g., 10 ana-
Iyze plume migration or contaimment and identity
concentralion trends within the remediaton zoned !

2. Demonstrate that the existing remedy has been ef-
fectively operated and adequately maintained.

3. Describe and evaluate the effectiveness of any
remedy modifications {whether vanauons in op-
eration, physical changes, or augmentations to the
system} designed 1o enbance 15 performance,

4. Evaluate trends in subsurface contuminant congen-
tratons. Consider such factors as whether the ague-
ous plume has been contmnedd, whether the arcal ex-
tent of the plume is being reduced, and the rates of
contarminant concentration degling and contaminant
mass removal. Further considerations include
whether aqueous-phase concentraions rebound
when the system is shut down, whether dilution or
other nutund suenustion provesses are responsible
for abserved wends, and whether contamingied soils
on site arg contaminating the ground watar,

Analysis of agqueous-phase concentration data should
be performed with caution. Contaminant conggntra-
tiony ploued as a function of lime, pore volumes of
fiushed Muids, or ather appropriide variables may be
useful in evaluting dominant contaminani faw and
transpon processes, evaluating remedial system design,
and predicting futuee remedial system perfomuange.
Sampling methodologes, ooatons, and strategies,

however, should be analyzed w determine the impact
they may have had on observed concentration trends.
For example, studies of ground-water ¢xraclion sys-
tems indicate that some systems show rapid initial
decreases in aquiler concentration, followed by less
dramatic decreases that eventuaily approach an as-
ymplotic concentraton level (EPA 1989h, 1992d).
This “leveling of " effect muy represent either a
physical limitaton 10 further remediation {e.g., con-
taminant dilfusion {rom low permesbility units) or an
artfact of the system design Or IORILOILING ProOZIam.
Profassional judgment must be applied carefolly
when drawing conclusions concerning restoration po-
tential from this informagon,

In certain cases, EPA may determine that lack of
progress in achieving the required cleanup levels has
resulted {rom system design inadeguacies, poor sys-
tem operation, or ansuiability of the wehnolegy for
site conditions, Such system-related consraints are
not suflicient grounds for determining that ground-
water restorauon is technically impractcable. In
such instances, EPA generally will require that the
existing remedy be enhanced, gugmented, or replaced
by a different wehnology. Furnthermore, EPA may re-
quire modification or replacement of an existing rem-
¢dy 10 ensure protectivencss, regasdless of whether or
not attainment of required clecanup levels is techni-
vally impracucable,

4.4.4.3 Restoration Timeframe Analysis. Estimales
of the timetrame required to achiove graund-water
resioration may be considered in TT evalvatans.
While resioration dmeframes may be un imporiant
consideration in rémiedy selection, no single
timeframe can be specified during which restoration
must be achieved 10 be considered technically pracu-
cable. Howegver, very Jong resiorauon meframes
ie.g., longer than 100 years) may be indicavive of
hydrogeologic or contaminant-related constraints o
remediation. While predictions of restorauon
timeframes may be usefud in usmatng the effects of
such constraints, EPA will base TI decisions on an
overall demonsiraton of the extent of such physical
consraints i i $ite, ool on restoration Wmelrame
analyses alene. Such demonstrations should be based
on dewuled and accurae site conceptual miodels thit
4150 can provide the bases for meaningful predictions
of restoration umeirames,

14 Further guidance on design of performance monitoring for remedial actions at ground-witer sites i3 provided in “General

Methods for Remedial Opera
BUVE-R2002, Jauary 1992 (EPA (9900

ons Performancs Evaluations,” EPA& Mffice of Research and Deve

loprent Publication EPAY




Figure 6. Hemedy Performance Analysis

Remedy design and performance data requiremends should be specific w technologies employed and site conditions.
The categories of required information normally necessary to evaluate performancs are provided below with some
examples of specific data elements. These data should be reported to EPA in formats conducive to analysis and in-
lerpretation. Simple data compilations are insufficient for this purpose.

Remedy Design and Oparational Information

« Dasign and as-built constructian information,
including locations of extraction ar in sifu treat-
ment peints with respect to the centamination,

+ Supperting design calculations (8.g., calculation of
wall spacing).

« Operating information pertinent to ramedy (8.7,
records of the quantity and qualty of extracted or
injected fluids).

= Parceni downtime and other maintenance
problems.

Ground-water
Extractien/injection-
and Performansa
Monitoring Systems

Source Removal or Control

« Sourca removal information (e.g., results of sail
excavatians, removal of lagoon sediments, NAPL
removal activities),

= Source control information {e.g., results of NAPL
comtainment, capping of former wasts manage-
mant uniss).

Enhancements to Orlglnal Remedial Design

[niormation concarning oparational modifications,
such &8 vanations in pumping, injection rates, ar
ocations,

Rationale, design, and as-built consiruction
information for sysiem gnhancaementis.
Manitoring data and analyses that illusirate the
effect these modifications have had on systam
performance.

Hydraulic
Contginmant and
Parlormancs
Monitering Systams

Recovery
Systam

Performance Monitoring Infermation

Design and as-buill construction information tor
performance monitoring systoms.

Hydraule gradiants and othar informaticn
demanstrating plume containment or changes in
argal extent or volume.

Trends in subsurface contaminant concantrations
determined at sevaral/many appropriate locations
in the subsurface. Trends should be displayed as
a function ot time, a function of pore volumas of
tiushed ileids, or ciher appropriale measures.
Infermation on types and quantities of
corilaminant mass removed and remaval rates,




A further consideration regacding the usefulness of
restoration umelmme predictions in TT evalyalions is
the uncerainty inherent in such anaiyses. Restora-
tion timeframes generally are estimated using math-
ematical models that simulate the behavior of subsur-
face hydrologic processes, Models range from those
with relatively limited input data reguirements that
perform basic simulatons of ground-water flow only,
10 those with exiensive data requirements that are ca-
pable of simulating multi-phase low (e.g., water,
NAPL, vapor) or other processes such as contaminant
adsorprian w, and desorplion from, aquifer materials,
Model input parameters generally are o combination
of values measured during site characterization stud-
ies und values assumed based on scienufic lerature
or professional judgment. The inpul parameier seicg-
uon process, as well as the simplifying assumptions
of the mathematical model wseld, resull in uncerinty
of the accuracy of the output. Restoration timeframes
predicied using ¢ven the most sophistcated modeling
wols aid data, therefore, will have some degree of
pneertsinty assoeigied with tham.,

Restorauon tielrame analyses, therefore, penerally
are well suited [or comparing two or more remedia-
tion design altesnatives o determine the most appro-
priate strategy for a purticular site, Where em-
ployed for such purposes, restoration timeframe
analyses should be sccompanied by 4 thorough dis-
vussion of all assumptions, including a list of mea-
sured or assumed parameters and a quantitative
analysis, where appropriate, of the degree of uncer-
Ly in those parameters and in the resulting time-
frame predictions, The uncertainty in the predic-
tions should be factored imo the weight they are
givien i the remedy decision process.

4.4.4.4 Other Applicable Technologies. The Tl
evaluation should include a demonstration that no
ather remedial weehnologies or strategics would be
capable of achieving ground-water restoration ag the
site.*? The type of demaonstration required will de-
pend on the circumstances of the site and the state of
graund-water remedialion science st the time such an
evaluation is made. In general, EPA expects that
such a demoenstration should consist ofh 1) 4 review
of the technical literature o idenufy candidate tech-
nodogies; 2} a sereening of the candidate wechnologies
based on generyd site conditions W identify poten-
tizlly applicable technologies, and 3) an analbysis, us-
ing site hydrogeologic and chemical data, of the ca-
pabilily of any ¢f the applicable wechnologics o

13 Kee dwcussions in the NCP {35 FR 8748, March 8, 19907 and Subpat §

achieve the reguired cleanup standardy, Analysis of
the potentsally applicable wehnolegicy generally can
be performed as a “paper study.” EPA, however, may
reserve e right w0 require treawbility or pilol esung
demonsuatons o dewermine the actuad effectiveness
of a echnology al g particular site,

Treatability and pilot westing should be conducled
with rigarous conumds and mass balance consirainis.
Imformation required by BPA for evaluation of pilot
ests will be similar w that required tor evaluation of
existing remediatinn sysiems (e.g., doiailed design
and performance dutal,

$.4.4.5 Additional Considerations. Technigues
wsed for evalustion of ground-water restoration
potential are sull evolving, The resulls of such
evaiuations generally will have some level of
UNCeriainy ated with them. Iutzrpreauon of
e resulis of resteration polential evalustions,
theretore. will require the use of professional
Judgment The use of muthemitical models and
calculauons of mass removal rates are wo exaoples of
techmigues tut reguire particular caution,

Ground-water Flowe gnd Contwningng Trinms ,
Maodeling. Simulation of subsurface systems through
mathematical modeling can be useful for designing
remediation systemns or predicting design perfor-
mance. However, the hmitaliens of predictive modd

cling must be considered when evaluating sie redio-
rabion potential, As discussed in Section 4433,
ground-water models are sensiteg 1w st sssump-
tons and the choice of pargmeters, such as contami-
nant source locations, Jeachability, and hydraulic con-
ductivity, Predsctons such as the magnitude and dis-
nbution ol subsurface COnNmINGNL COnCentralins,
therefore, will invoive uncertaenly. The source and
degroe of this uncertainty should be described, quanu-
fied, and evaluaed wherever possible so the revigeer
understands the level of confidence that should be
placed in the predwcted concentration values o ether
outputs. Predicuve muodeling may be most valusble uy
providing insight into processes tat domingle contiumi-
nant ranspon and fae gt e site und evaloating the
relative eilecivenass of different remedial alicmatives.,
Further guidance and information an the use af
ground-water models is provided in Anderson and
Woessner (1992, EPA {19920, and EPA (19920,

Contaminant Mass Removal Espmates. Evaloation of
conluTinani mass remeval may be wselub al sonmwe sies

o
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with existing remediation systems, These measures
may include cvaluation of mass removal rates,
comparizon of removal rates to in s mass asti-
mates, changes in the size of the comaminated arca,
comparison of mass renroval rakes with pamping rates,
and comparison of such measures with associated
costs, Mass removal and balance estimages should be
used with cauuon, as there often is a high degree of
uncerainty associged with sstimates of tie inltal mass
released and the mass remaining in site. This cneer-
tainty resuils from inaccuracy of historical site waste-
management reeords, subsurface heterogeneitios, and
the difficulty in delineating the severity and extent of
subsurface contamination,

4.4.5 Cuast Estimate

Esumates ot the cost of remedy alternatives should
be provided in the T evaluation, The estmates
should include the present worth of construction, op-
eration, and maintenance cosis. Estimates should be
provided for the continued operation of the existing
remedy (if the evaluation is conducied following
implementation of the remedy) or for any proposad
allernative remedial staegies.

As discussed in Section 44,1, & Superfund remedy
alternative may be determined to be wechnically -
practicable if the cost of anaining ARARs would be
inordinasely high, The role of cost, however, is sub-
ordinale to that of ensuring protecuvensss. The poimt
at which the cost of ARAR compliance becomes in-
ordinate must be determined based on the particular
cirgumstances of the site, As with long rostoration
tmeframes, relatively high restoration costs may be
appropriate in certan cases, depending on the nature
af the contamination problem amd considerations
such as the current and likely luture use of the ground
waler, Compliance with ARARS is net subject o &
cost-benefit analysis, however.!®

5.0 Alternative Remedial Strategies

5.1 Options and Objectives for Alternative
Strategies’

EPA's goal of restoring contaminated ground water
within a reasonable tmeframe at Superfund or RCRA

sites will be medified where complete restoration is
found 1o be wechnically impracticable. In such cases,
EPA will select an slicrnative remedial strategy that
is technically practicable, protective of human health
and the environment, and satisfies the statutory and
regulatory requirements of the Superfund or RCRA
Programs, as appropriate.’®

Where a T1 decision is made at the “front end"” of the
site remediaucn process (before a final remedy has
been idenufied and implemented), the alicrnative
surategy should be incorporated into a final remeady
decision document, such as a Superfund ROD or
RCRA permit or enforcement order. Where the T1
decision is made afier the final decision docunient
has been signed (ie., aller g remedy has been imple-
menied and its performance evaluated), the ahema-
tive remedial strategy should be incorporated in &
modified tinal remedy decision document, such as a
ROD amendment or RCRA permitforder modifica-
tion {sec¢ Section 6.0},

Alternative remedial strategies lypicatly will address
three types of problems at contaminated ground-wa-
ter sites: prevention of exposure o conlaminated
ground water; remediation of comamination soUMces;
and remediution of agueous contaminant plumes,
Recommended objectives and options for addressing
these three problems are discussed below. Note that
combinalions of two or move optons may be appro-
priale @1 any given site, depending on the size and
cumplexity of the contaminalion problem or other
site clreurmsiances.

3.1.]1 Exposure Control

Since the primary objective of any remedial strategy
15 overall prowectiveness, cxposure prevenlion may
play a significant role in an alternative remedial strat-
egy, Exposure conirol may be provided using insutu-
tional controls, such as degd notfications and restric-
tions on water-supply well construcuon and vse. The
remedy should provide asswance that these measures
are enforceable and consistent with State or focal
laws and ordinances.

5.1.2 Source Control
Soyrce remedisuon and control should be considered
when developing an alternative remedial sirategy.

16 A Fund-Balancing ARAR waiver mey be invoked at Fund-lead Supertund sites where meating sn ARAR would entas] such
cost in relaton W the added degree of protection or reduction of risk that remedial acuons at other sites would be jeopardized

(EPA 198%¢).
17 These recommendalions 2re o
gite where restoration is lechnieally impracuceble,

islent wilh (ose made in Section 3.0 concening PINAPL sites, but are applicable for any

18 PRPs or ownerfoperators may propose and anelyze shemslive remedial strategies. However, only EPA {or designated lead
agency, where approprisie) hax remedy selecton sethornly,

19




Seurces should be tocated and rgated or remaoved
whore frasiblie and whare signilicant nsk reduction will
result, regardless of whether EPA has determined that
pround-waler restoration is technically impracticable.

o some cases, however, the inability 1o remaove or
theat sources will be a major factor in g Tl decision.
Where sources cannot be complasely treated or re-
maved, effective source comntainment may be critical
ti the fong-term effecuveness and reliability of an al-
ternative ground-water remedy. Options currently
available for source containment usually invalve ci-
ther a physical barmicer system (such as a slwry wall)
e a bydruplic conainment svstem (Lypically a pump-
and-treat systemy (EPA 19928),

Appiicabitity and ¢flectiveness of containment sys-
tems are nflucneed by several hydrogeologic factons,
however, For example, the cifectiveness af a slurry
wail genarally depends on whether a continuous, low
permeability layer exisw at a relagvely shallow depth
beneath the site

Snurce cuntainment has several benelits, First,
source containment will contribute o the Jong-term
munagement of contaminant migration by limiting
the further contamination of ground waler and spread
of potentially mobtle sources, such as NAPLs, Sec-
onh, elleciive source contalnment may permit resto-
raticn of that porton of the agucous plume that Les
outdde of the containment area, Third, effective
conaiment may facilitae e future cse of new
source removal wechnologies, as some of these tech-
nologios fe.g., surfactants, sleam injection, radio fre-
guency heating) may merease the mobility of residual
angd freg-phase NAPLs, Remobilzation of NAPLs,
parscubarly DNAPLy, often presents a significant nosk
untess the source arca can be reliablv contained.

5.1.3 Agueous Plume Remediation
Remediation of the aquesus plume s the third major
eghnical concem of an aliermative remedial stratagy.
Whare the webnical constraints @ restoradon include
the ing abilily [0 remaye conlaming tion sources, the
ability 1o effectively contain those sources will be
eriticul 1o establishing the objeciives of plume
remediauen. Where sources can be effectively con-
trined, the pordon of the agueous plume oulside of
the congrinment area generally should be restored o
the requaced cleanup levels,

19 Techrocal i

Inability to contain the sources, or other wehnical
constraints, may render plume reswration wehnically
impracticable. There wre several options for allerny-
tive remedial stralegies in sach cases, These include
hydraulic containment of the leading edye of the
agueous plume, establishing a less-swringen cleanup
level that would be actively sought thiroughout the
plume (a1 Superfund sites), and natural attenuation or
natural gradient flushing of the plume,

(_ummmx =1 Of the gopecus plume wsually requires

¢ pumiping and weating of contaminated ground wa-
M’ but usually mvelves fower wells and smadior
quanzities of water than does a Tull plumg restoration
effort. Plume containment offers the pawnual advan-
wges of preventng {unher spreading of the contami-
nated ground water, thercby limiting the size of the
plume, and preventing the plume from encroaching
on waler-supply wells or discharging (o ecologically
semsitive araas

At cenain Superfund sies, it muy be feasible 10 ro-
store the contaminated plume (owside ol any source
containment area) o a site-speeific cleanup level that
18 less strmpent than that originally wienafied, BPA
may eatablish such a level as the cleanup level within
the T1 zene, where appropnate. The site-specilic
level may cansider the targeted risk level for kil
cleanup and other faclors. Sie-specific cleanap iov-
els offer the advanlage of providing a clear goal
against which o measure the progress of the alema-
uve remedial strategy. However, where sile-specific
cleanup levels exceed the acceptable nsk range for
human or enviranmenisl exposure, the remedy gener-
alty must include other measures {¢.g,, institational
CONLrois) 1o ensuré Proleciveness,

Al some Superfund sites, o less-stongent ARAR thas
the one determined 1o be unattainable may have wr e
complied with, Forexample, it msy be lechmeally
pmpracueable 1o adain the most stringent ARAR at o
it (e.g., @ State requirgment 10 restore ground waier
10 hackpround concentraton levelsy.  However, the
next most siringent ARAR (e.g., Federal MCL) for the
same compound may be sitanable. I such cuses, the
next maost stiingent ARAR generally must be attained.

In ceriain situations where restoration is wechnicully
impracucable, EPA may choose nalural allenualion
as w component of e remedy Tor the agucous

plume,”® Natural witenuation generally will result in

cricability of restoration 1s not a precondition for the use of natural altenuation in @ ground-water remety, owever.




attainment of the desired cleanup levels, but may take
lomger o meet them than active remediation. This
approzach 1s moest likely to be appropriate where the
affected ground waser 1s not a cureent or reasonably
expected [uture source of drinking water, and ground-
waler discharge does not significandy impact surface
waler or ecologic resources. Sulficient technical in-
farrmation and supporting data must be presenied to
demonstrate the effectiveness of this strategy, along
with assurances that any instiutional controls re-
quired w prevent exposure will be reliable and en-
torceable. Conungencies for additional or more ac-
tive remaediation also shoukd be incorporated o the
remedy, o be riggered by specific comaminant con-
centration levels in the sile ground-water monitoring
netwark, or other eriteria as appropriate.

5.2 Alternative Remedy Selection

The allemanve remedial strategy oplions discussed
above represent a range of responses for addressing the
various aspects of a ground-water contamination sie.
Selection of twe oplions appropriate for a particular sie
must nol oaly consider the desired remediation objec-
ves, as discussed above, but also the siatutory and
regalatory requirements applicable 1o the program un-
derwhich the acton is being taken. These require-
merits are dispussed briefly below, Further information
and guidance on these reyguirements can ix: oblained
from publicatons referenced n this section.

5.2.1. Superfund

The selecuen of an aliernative remedy ata Superfund
site should follow the remedy selection process pro-
vided in NCP $300.430(0. Regardiess of whether
ARARS are waived ag the site, the alternative remedy
stifl miust sausly the 1wo threshold remedy selection
criteria (prowet human health and the environment
and comply with all ARARS that have not been
walved): be cost effective; and wilize permanent §0-
lutions and treatment 1 the maximum exient pracu-
cable. This last finding is satisficd by idenciving the
alternative that best halances the trade-offs with re-
spect to the remaining balancing and modifying crite-
ria, waking into account the demonstrated technical
limitatiens (see Highlight 2.2

Where ground-water ARARs are waived a1 a Supet-
fund stte due 1o techmeal impracticability, EPA’'s

general expectations are o provent further migratien
of the conminated ground-water plumie, provent ex-
posure 10 the contaminated ground water, and cvalo-
ate further risk reduction measores as appropriate.
(NCP 300430} 13(1IF), These expectations
should be evaluated along with the nine remaedy sa-
lection criseria 1o determine the most appropriate e
medial stniepy for the site.

Highlight 2.
Superfund Remedy Selection Criteria

Threshold Criteria

«  Overall protecunn of humun healls and
the environment

» Complignce with (ar justification for a walver
of) ARARs

Balancing Criteria

»  Long-term elfecdveness and permanence
« Reduction of mobilivy, wsicity, or wolume
»  Short-ter cffectiveness

+ Implementability

+ Cuost

Modifying Criteria
« State acceplance
+ {ommunity seceplans

5.2.2 RCRA

At RCRA faciliies where ground-water restoration is
techmeatly impracticable, the permit or order sched-
ule of compliance may be modified by estblishing
1) further measwres that may be required of the per-
milee o conwol exposure W residual conumination,
a$ necessary 10 protect human health and the eoviron-
ment; and 2) alternate levels or measures for cleaning
up contamingled media,*!

Criterty for establishing an aliermative remedial strat-
ey under RCRA are presenied in Highlight 3. In ad-
dition to salisfying the general standards for rem-
edies, the aliernative remedial sirutepy at a RORA {a-
cility also should provide the best balance of wade-alfs
among the five remedy seleetion degision factors, ™

o further puidance on the Superfund remedy selection process, see NCP §300.430(0) and “Cuidance for Conducting Reme-

dial Investigalions and Feastbility Studies under CERCLA,” (EPA 19884

‘roposed Subpant 3 Rule, §264.331(b).

i

2 Further guidance on remedy selection at RCRA {scilities is provided in the proposed Subpart § Rule (35 FR 3082330824,




Highlight 3.
RCRA Remedy Standards and
Selection Factors

Geaneral Standards for Aemedles

1. Overall protection of human health and the
environment

2. Auainment of media cleanup standards

3. Source conerol

4, Compliance with waste management standards

Hemedy Selectlon Decislon Factors

1. Lang-term effectiveness

2. Reduction of waste wxicity, mobility, or volume
3, Shori-term effectivencss

4. Implementability

5. Cost

5.2.3 Additional Remedy Selection
Considerations

The choice among available remedial strategy options
may involve a consideration of the aggressiveness of
the remedy, a concept that includes both the choice of
remedial technologics as well as the refative inensity
of how that technology is applied at the site. For ex-
ample, consider a site where source area restoration is
technically impracticable but source containment is
both feasible and practicable, With the contaminant
source comntained, restorabion of the porton of the
plumga oulside of the containment area may be {ea-
sible. However, as discussed earlier, there are sgveral
options for atining cleanup levels within the aque-
ous plume: active pump-and-treat throughout the
aqueous plume; natural gradiens flushing of the
plume towards a pump-and-wreat capture system lo-
cated at the leading edge of the plume; and natural at-
tenuation {(dilution, dispersion, and any natural degra-
dation processes active within the affecied aguifer).
Each alternative will autain the required ¢leanup lev-
cls, but the choice involves a trade-off among séveral
factors, including: 1) remediation smefmume (longer
with less aggressive strategies); 21 cost (Jlower with [ess
agyressive strategies); and 3) potential risk of exposure
{may increase with less aggressive siegiesy.™

Conditions {avoring morse agyressive strategies (Le.,
active pump-and-treat throughout the aquecus plume)
include the fotlowing:

23 The long-lerm reliability of a remedy also 13 an bnportant considers
ample, long-tesm reliability is primarily a function of the design and

13 The aggressive strategy clearly will result in a
significantly shorler restoration timeframe than
other available options, This will depend on site
hydrogeclogic and conaminant-related faclors, in-
cluding the complexity of the aguifer syslem, natural
rate of ground-water ilow, quantity of sorbed con-
taminant miss o the aguifer {and is rae of desorp-
tion), and other fclors,

v A shorter remediation timeframe is desired to
reduce the potential for human exposore, This
generadly is the case where there is cusTent or reason-
ably expected aear-wernm fuiure wse of the ground wa-
ter. Factors that may be uselul in evaluating the like-
lthood of exposure inchsde the State (or Fedeeal, as
appropriate) classification of the groond water; avail-
ability of allermate supplies, such as municipal hook-
ups or gther water supply aguifers; inercannectons
of the comaminated aguifer with other surface or
ground waters; and the ability of institulional contals
e il caposure.

31 A shorter remediation timeframe is desired 1o
redoce ongoing or polential impacts to environ-
mental receptors, Such impacts may be caused by
discharges ter surface waters, sensitive soologic areas
(e.g, wetlands), or sole-source aguifers.

EPA will evalpate and determine the chicetives and
relative o g gressiveness of the allemative remedy on a
site-specilic buss, based on the applicable repulatary
requiremnents and considering the [actors discussed
throughout this section. Where conditions favoring
BOTS sggressive sirategies do not exist, BEPA 15 more
Ikely tr choose a less aggressive simalegy 19 achieve
the desired remediation objectives, EPA recognizes
that, at some sites, remedies may need 1o be in opera-
Ton o very long ume lx‘rjm“i% Adequate monitoring
and periodic evalustion of remedy performance
should be conducted 10 ensure prolecuveness and (o
evaluaie the need for remedy enhancemints or the
wse ol new or dilferent ramediation technologies,

5.2.4 Relation to Alrernate Concentration

Limits

Site-specilic cleanup levels established as part of an al-
lermagve rernedial strivegy ot a Soperfund site shoukd
nat be confuszd with CERCLA Alernate Concentry-
ton Livsts (ACLsy To qualify for use of s CERCLA
ACL, the site must meot the Lollowing three require-
menis: b there are known peints of eniry of e con-
wminated grownd waler e swlace water; 2) thore

1T LOr WlCIRanve
it

sermedivl sousepy selection, In this ex-
egrity o [l source contamment sysiem,




will be no statistcally significant increases of the
contaminant concentrations in the surface water or
contaminanl accumulations in downsteam sedi-
ments; and 3 enforceable measures casn be put into
pliace to prevent exposurs 10 the contamingted ground
water {see CERCLA §121(d 2B, In addivon,
EPA generally considers ACLs appropriate anly
where cleanup o ARARs Is impracticable, based on
an analysis using the Superfund remedy selection
“halancing” and “modifying” ¢rueria shown in High-
light 2. Where an ACL ts established, an ARAR
waiver is not necessary, Conversely, where an
ARAR 15 waived due w wehnicud mpracticabitity,
there is no need o establish a CERCLA ACL. For
further guiduncc e CERCLA ACLs, refer w the
NCP Preamble (53 ER 8754, March 15490,

Sie-specific vleanup levels esiablished in response 1o
a T determinalion at g RCBA Tucibily also should not
be confused with ACLs established as part of the
ground-water moniloning program for regulated unis
under 40 CFR 264,94, ACLs eslablished under
§264.94¢u 33 represent concenuations thut EPA de
errnings will aot pose a substanul bazard w human
or environmental receptocs. {1 the ACL 1w exeeodad,
then corrective acuon responsihilites for the reguluted
unit are riggered.) A TT determination generally will
nat satsly the eritena far an ACL under thig authority,

6.0 Administrative Issues
6.1 Ti Review and Decision Process

A TI decision must be incorporated into a sile deci-
gion document (Superfund ROD or RCRA permit ar
enforcemens order) or be incorporated into a modifi-
cation of amendment woan original decument. In-
formation and analyses supporung the T1 decision
must be mcarporated into the site adiministrative
recard, cnther as pant of a Feasibility Swdy or Cor-
reetive Measures Study (for a “ront-cnd”™ T1 determi-
ration} or remedy performance evaluation or other
tectinical report ar evatuation {for & post-remedy imple-
menlaton delermination),

The first w‘p in EPA’s review process for a T determi-
nadon will be o assess the compleeness and adeguacy
ol the T evaluaton, TT evalustans that do not ad-
equately address the considerstions idendfied in this

guidance likely will have 10 be revised or augmenled w
address the inadequacics identified by EPA or the re-
sponsible agency. Early consultation with EPA by
PRPs or ownerfoperators is encourzged (o help identify
appropriate data angd analysis for the eviduaton. While
a Tl ¢valuaton is underway, remediation efforts under-
wity 31 a site shall continue und! the Stawe or Federal
official responsible for the decision determines that the
existing remedy should be altered, Requirements spe-
cific w the Superfund und RCRA programy are dis-
cussad further below,

6.4.1 Superfund

Ag disvussed i Section 4.2, T1 decizions may be
made cither in e ROD (ront-ead decisions) or after
the remedy has been implemented wnd monitored
{pust-unplemenation decisions), depending on the
curumswnees of e site,

TI decisions at Superfund sies generally will be
made by the EPA Regional Adminisrawor who, upon
review of o TT evaduation, will deteemine whether
ground-waler resloration s technically inpracticabie
und will tdenufy further remedial actions 1o be wken
at the site. TT determinations at Superfund sites may
reguire consolistion with headguarters program man-
agement. Repional persennct should refer 1o the
mast recent ORRR Remedy Deleganon Memoran-
durn for current consulaton requirements ™

Where a Superfund ROD will invoke a TT ARAR
waiver (ront-end decision), EPA {or the lead
agency’ must provide notice ol its inwent o wakve the
ARAR in the Proposed Plan for the site and respond
o any Sute {or Federaly agency or public comments
concerning thw watver, The requirements for Swie
and community involvement are provided in NCP
§300.500-515 and §300430, respectvely. In gon-
eral, S and communily invalvement i te deci-
sion 10 waive an ARAR based on wechnical iinpracu-
cability will be the same as for other siwe remedy de-
cisiens, Binee Tl decisions may affect the patential
future uses of ground water, interest in T ARAR
waivers may be high. Therefore, it s EPA’s tntent 1o
coordinate and consult with States and the public re-
garding T ARAR waiver issues as carly as possible
in the remedy decision process,

24 The ypes of Superfund sie remedy decisions duat require consuliation with headguurters program management sre identified
in the periodically updeted OERR Femedy Delegation Memorandwn. The most recent version gvailable at the time of pudil:-
callon of this puidance was e “Twenly Fournh Remedy Delegution Report - FY 1993, dated Febroary 18, 1993,
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State concurrence should be sought, but is not re-
quired, for all remedy decisions in which EPA in-
vokes an ARAR waiver., Where the ARAR w be
waived 15 g Ste ARAR, EPA must noufly the Suue
of this when submittng the RIFS 10 the Ste or
when responding 10 4 Sate-lead RUES (NCP
§300.513(dx3)). EPA must provide the State wilh an
explanaton of ary waiver of a State standard
{CERCLA §121(0(1)(G).

For remedial actions under CERCLA §106 that will
waive an ARAR, the State must be notified at least
30 days prior 10 the daw on which any Conseat De-
cree will be entered. 1M he State wishes the gotion
conform to {and not waive) those standards, the Stale
may intervene in the acuen belore the Consent De-
cree s entered (see § 121021 and (O

At certain State-lead siles, the Swte may make the [i-
nal remedy decision, including g decision o invoke
an ARAR waiver. This situation i5 restricted 1o sites
where the Suue has been assigned the lead role for
the response action, the acton 18 being ken under
State law. and the Swste iy nol receiving funding for
the action rom the Trust Fund. In such stiuations,
the State may seek, but is not required 10 oblain, EPA
concurrence an the remedy decision. For lurther
guidance on this and other issucs regarding the Staie
rafe in remedy selection, see “Questions and Answers
Avoul the Sute Role in Remady Selection at Non-
Fund-Finunced Enforcement Sites" (EPA 1991¢),

Past-remedy-inplementation TT decisions may be
made in cases where an ouwside partly or agency sub-
mits comnents requesidng & T determination or EPA
determines on it own initiative that a waiver is war-
ranted. The information considered i making such
decisions should include the same types of informa-
tion and analyses discussed for front-end determing-
uans, except that remedy performance data and
analysis also should be provided. This tnformation
must be enterad into the site administraiive record be-
fore the TI decision can be made and an ARAR
wuyiver invoked, There are limitations, however, 10
the requircment thal EPA open the administralive
record to new camments, such as an outside party’s
request for a Tl determination, EPA s not reguised
W consider comments on the selecied remedy unless
the comments contain “significant informaton nox
contained ¢lsewhere in the administrative record file

25 Public notice and oppornunity for commen:

which substantially supports the negd wo significamly
alier the response acton” (see NCP §300.325). The
1ype and amount of information necessary W mesi
this requiremerd (g4, the length of lime g remedy
must be operated prior w a T1 evaluaton) will be de-
termnned by EPA OR a sile-specific basis.

A modification o 4 signed ROD snvoking o TI
ARAR waiver generally will reguire a ROD amend-
ment, since a waiver ustatly will consiwte s funda-
menlal change in the remedy. A public comment pe-
ried of 30 days 18 required Tor an amendment w 4
ROD; this pericd may be extended o 60 duys upon
reguest.” A public mesting also should be granted
if reguested. In the excepuonal case where an ESD
is used 1o invoke a Tl ARAR waiver, public notice
and oppartunuy for comment also should be pro-
vided, Funther gudanes on ROD amendments ig
provided in “Cuide to Addressing Pre-ROD and
Post-ROD Changes” (EPA 199 1hY and upcoming re-
visions (o “Guidance an Preparing Superfund Deci-
sion Documems” (expected Fall 1993),

6.1.2 RCRA

T1 decisions at RURA Corrective Acdon facilities
will he made cither by the EPA Regionsl Adminisra-
tor or by the appropriate Stale agency, depending on
the RCRA progrum anthonzaton status of the Stage,
EFA's goal in the RCRA vorrective aclion program s
W work cooperatively with inddividual States, regard-
less of thewr authonization stalus, (0 Promote consise
wenl T decisions, As in the Superlund program, i is
recommendad that the Swee and EPA noufy and con-
suit sach other us carly as possible regarding sites
where T determinauons may be made, This nodfica-
tice and consuliaton process may be outlined in the
Stawe/LEPA Memoerandum of Understanding.

For Stawes authorized for Hacardous and Solid Waswe
Amendments (HSWA) Carrecuive Acuon, Lhe Suuw
will have primary aothornty for remedy decisions, in-
chading TT decisions. EPA will rewatn awthority lor
T1 dererminations in States that are not authorized for
HSW A comective action,

ALRCRA permitied [acilides, implementation of a T1
delermingtion generally would requirg a Class 3 purmit
meklaficabon o the purpose of specifying (alwrmative)
correclive measwes. This procass requines a 45-day
notlee and comment period, response o comments, and

t should be provided before an ARAR waiver Is granted, regardiess of whether an

Explanation of Significant Differences (ESD) or ROD amendment is used W invoke the walver,




public hearing, if requested. At RCRA facilites
conducling corrective acon under an order, TI de-
terminations geneeally are implemented through the
negotiation of a new order or an amendment (o an
existing order. This process generally includes a
30- to 45-day pubic comment perigd and public
hearing, if requesied.

6.1.3 Technical Review and Suppart

Technical support for the T evaluation should be
sought as carly in the process as possible, preferably
during the inital scoping of the content of the Tl
evaluation, TT determinations usually will require
eapertise from several disciplines, including hydro-
geclogy, engineering, and risk assessment,
Technical staff within the Reglons representing these
disciplines should be part of the TT review eam.
EPA’s Office of Research and Development {ORD)
technical liaisons and scientsts based in the Regions
also may provide assistance 1o program staff, Further
assistance and review may be obtained from the ORD
laboratories involved in the Technical Suppont
Project, wncluding the RS, Kerr Environmental
Resgearch Laburatory {Ada, OK), the Risk Reduction
and Engineering Laboratory (Cincionasi, OH), the
Environmental Rescarch Lgboratory (Athens, GA),
and the Envirenmental Mooitoring Systems
Laboratory (Las Vegas, NY), The directory of ORD
weehinical services may be consulted for further
informaton (EPA 1993¢),

General assistance and site-specific consuliation on
techaical impracdeability issues also is available
from EPA headaquartees staft, Inquiries should be di-
rected to the appropriate OSWER program office,

6.2 Duratlon of Tl Decislons

Adeermination thal ground-water restaration is techs
mically impracticable and the subsequent selection of

an aliemative remedial strategy will be subject to fu-

ture revigw by EPA.

AL Superfund sites, an altermative remedial swategy
implemented under a CERCLA TI waiver remains in
effect so long as that strategy remains protective of
hurman health and the environment. Protectiveness in
this conlext encompasses long-term reliability of the
remedy. [ the conditions of protectiveness or reliabil-
ity conditions cease 1o be mel, EPA will determing

what addivional remedial sctons must be imple-
mented 10 enhance or augment the existing semedy.
EPA shall conduct & tull assessment of the prolective-
ness of the aliernative remedy at least every five
years 2l any site where contuninadon remains above
levels that allow lor unrestricted use, g8 required un-
der NCP §300.430(53(4)(31),

RCRA TI decisions will be incorporated into facility
permils or enforcemant orders and therefore will be
subject 1o continual oversight and review, Condi-
tions of the permit o arder involving the T1 decision
or the aliernavuve stralegy may be revisited on a peri-
odic basis to ensure prolectiveness. [t may be neces-
sary 10 modify permits or osders 0 reflect new infor-
mation that becomes available during the remedy
implementaton and menitering peniod.® Addidonal

gasures may be required by EPA o ensure the on-
poing prosectiveness and reliahility of the remedy,
Further, owner/operators of RCRA facilivies may be
requited by EPA 10 undertake additionasl remedial
measures in e future if subseguent gdvances in re-
mediation echnology make auainment of media
cleanup standards wechaically pracicablie.

The protectiveness of an alternative remedial sirategy
gt Superfund site or RCRA facilivy must be ensured
through w meniteing program designed w detect re-
leases frm containment arcas, nugration of contami-
nants 1o water supply wells, or other releases that
would indicute a possible fuiure of one of the remedy
components, EPA miay decide o tike any further re-
SPONSE ACLONE NECESSArY W CRslre Prolecuveness al
any tmea basud upon whether the alernative remedy
15 achieving uts required perturniance standards.
Monitoring Jak, therefore, must be provided 10 EPA
on a reguiar busis 10 ensure sdeguate performance of
the alternadve remedy, The formar, content, and ce-
porting schedule of the muonitoring program will be
determined by EPA as pan of the T deiermnation
and alternative remady seleclion process,

26 RCRA Corrective Action Orders that incorporate Tl decisions shouid contain langoage that retains EFA's auhority o review
these decisions wnd complete additional sile remedialion, a5 necessary.
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